
AD-A266 412
IallD Ulli I I II I

DTIC
* ~ELECTE -

JUL 02 1993

Au

EMP HARDENING INVESTIGATION
OF THE PRC-77 RADIO SET

by

J.S. Seregelyi, C. Gardner, JA. Walsh and R. Apps

"Orlglnal *oatalm •
p1*%.osm AU~ MZIO repre~mm

plat*8 ll atlone will I's ma baua

Th. T ,o,: sTu, •ot has beenaproved 4/ 93-15135
for puibli- a~k~ nd sole; its

;tribution is unhmited. IIN1 11 111 i"

DEFENCE RESEARCH ESTABLISHMENT OTTAWA
REPORT NO. 1167

February 1993
Canada otwa



K• , _

EMP HARDENING INVESTIGATION
OF THE PRC-77 RADIO SET

by
J.S. Segey, C. Gardner, J.A Was and IL Aps

Radiation Effects Section
Eetonics Division

DEFENCE RESEARCH ESTABLISHMENT OTTAWA

REPORT NO. 1167

PCN FebruarySCnWd
041LT NOt1wa



The susceptibility of a PRC-77 Radio to a simulated nuclear electromagnetic pulse (EMP) was
Investigated. Detailed evaluation procedures and results are presented. It Is shown that under normal
operating conditions, with either the 72-cm or 2.9-m antenna, It Is very unlikely that there will be any damage
to the radio In the event of an EMP. It should be noted that this was one of the first evaluations perforned
In the Qefence flesearch Wlectromagnetic Pulse Simulator (DREMPS) and the Investigation was viewed
primarily as a means of optimizing general analysis techniques.

RISvUMI

Ce rapport analyse la susceptibHit6 du radio PRC-77 aux impulsions 6lectromagndtiques (IEM)
simul6es. Une 6tude d6tail6e des procedures d'valuation et des r~sultats est pr6sent6e. II est ddmontr6
que sous des conditions normales d'op~ration, avec une antenne de 72 cm ou de 2.9 m, If est peu probable
que le radio soit endommag6 par les impulsions. Cette dvaluation a 6t0 l'une des premieres A utiliser le
simulateur dIEM de 10 m duCRDO et elle doit aussi Otre consid6r~e comme un exercice pour optimiser
les techniques d'analyse.
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EXECUTIVE SUMMARY

The purpose of this investigation was to determine the susceptibility of the PRC-77 Radio to the
electromagnetic fields produced by a nuclear electromagnetic pulse (EMP). In addition, this was one of the
first evaluations performed in the Defence Research _Electromagnetic Pulse .aimulator (DREMPS) and was
viewed as a means of optimizing general analysis techniques. As a result, procedural simplifications in the
radio analysis were considered acceptable in so far as no serious compromise was made in the validity or
conclusions of the investigation.

The results of the radiated susceptibility investigation Indicate that the radio, when equipped with
either the 72-cm or the 2.9-m antenna, will survive exposure to an EMP with negligible changes to the
operating system. In general, the work performed for this report has been an excellent opportunity to explore
the dynamics of the field Interaction both with the radio (and its antennae) and within the EMP simulator.
The results have gone a long way in helping to understand the behaviour of these systems and, by using
this knowledge, many of the minor difficulties encountered In this evaluation can easily be avced :r
corrected in iuwure testing.
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Radio Set PRC-77 EMP Hardening Investigation

1.0 INTRODUCTION

The purpose of this Investigation was to determine the susceptibility of the PRC-77 Radio to the
electromagnetic fields produced by a nuclear electromagnetic pulse (EMP). The characteristics of the EMP
are to be defined by the RS05 requirement as specified In MIL-STD-461C, Part 4, and the RS05 test methods
as specified In MIL-STO-462, Notice 5.

It should be noted that this was one of the first EMP evaluations performed In the.lefericeflesearch
ElectrMagnetic?_ulse.SlmuLator (DREMPS) and there are no clients requesting specific results with respect
to this unit. The investigation was viewed primarily as a means of optimizing the facility and establishing
analysis techniques. As a result, procedural simplifications were considered acceptable In so far as no
serious compromise was made in the validity or conclusions of the Investigation.

The evaluation proceeded in two phases: the first occurred In the spring of 1991 and Involved
exposure of the radio In a 1-meter parallel-plate simulator. The latter was performed In November of 1992
and took place In the 10-meter parallel-plate simulator (DREMPS). The schedule was executed In this fashion
simply because the radio and its antennae were physically too large to be fully exposed in the smaller
simulator and the larger facility was not available earlier.

2.0 UNIT DESCRIPTION

Radio set RT-841/PRC-77 is a portable, battery-powered transmitter/receiver tunable In 50-kHz
increments over a frequency range of 30.00 to 75.95 MHz to provide 920 channels. The frequency range
is covered In two bands: the low band is 30.0 to 52.95 MHz; the high band Is 53.00 to 75.95 MHz. The front
panel tuning controls and the BAND switch are used for tuning the radio to the desired frequency'. For
schematics and detailed working principles of the radio consult Ref. 2 & 3. The unit has the following
dimensions:

Component Overall Dimensions (cm) Weight

Height Width Depth (kg)

Radio Set RT-841/PRC-77
serial no. 122 28 28 10 6

stock no. 5820-00-930-3725

Antenna, AT-892/PRC-25 72 - - .23

Antenna, AT-271 B/PRC 290 - - .35

Handset, H-189/GR 20 5 7.5 1.8

'See Figure I for a radio part list and detailed view of the control features. Figure 2 Is an indication of

how the radio Is typically worn.

1
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Figure 2: PRC-77 radio as typically worn in the field. Ideally the EMP testing should be performed with the

antenna and handset in a similar configuration. Also, the soldier's body and the fact that ihe radio

is approx. 1.5 meters above the ground should also be simulated.
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It should be noted that the PRC-77 has been in service for several years and a number of design
modifications have been Implemented. Apparently, all these changes have not been made to each unit and.
therefore, the investigation may be Influenced by the status of the radio. The serial number of the unit used
In this evaluation Is recorded above so that its repair history may be consulted.

3.0 DESCRIPTION OF FACIUTIES

The radio evaluation was carried out in the Defence Research Establishment Ottawa (DREO) EMP
Laboratory. The facilities used for radiated susceptibility (RS05) include:

"* a 1-Meter, parallel-plate EMP simulator (Fig .3)
"• the DREO, 50-kV, EMP generator
"* the DREO 10-meter, parallel-plate EMP simulator DREMPS (Fig .4)
"* a Maxwell, 600-kV EMP generator
"• shielded enclosures
* various electric and magnetic field sensors
• data acquisition and signal processing equipment and software.

4.0 RADIATED SUSCEPTIBILITY SET-UP AND PROCEDURE

It was postulated that the major threat to the radio would come from coupling of the EMP field to
the antenna and the handset. Direct field penetration into the equipment case would not be a problem since
it Is made of metal and the apertures are very small (an examination of the set showed it to be well
constructed with Individually screened Interior compartments within the metal case). These assumptions
were verified during the RS05 exposure.

In phase one of the evaluation it was apparent that a problem existed. The heights of the radio
antennae were too large for the 1-m simulator2. As a result, the 72-cm antenna was modified by reducing
its height to 50-cm and capping it with a 20-cm top plate (an empirically derived substitution which was
experimentally shown to produce the same EMP response. The details are presented in Annex A).
Unfortunately, the 2.9-m antenna could not be altered in a similar fashion.

Phase two was performed in the 10-m parallel plate simulator DREMPS. This facility could easily
accommodate either the 72-cm or 2.9-m antennae. Since portions of the full radio evaluation would have
been redundant given me elori,4 ji phase one, a,, effort was , , dd to concentrate cn results which could
not be obtained earlier. Measurements of the magnetic field, antenna currents and handset currents were
made and recorded. Details are available in Annex B.

4.1 Installation of the Units

In both phase one and two of the investigation the radio was placed at the end of tho front taoer
of the EMP simulator as shown in Fig. 3. This method of installation is in accordance with the RS05 test
methods of MIL-STD-462. Equipment not undergoing evaluation and the data acquisition ano analysis
equipment were located inside the shielded room.

2 The simulator Is a transmission line calibrated to produce the correct field magnitude and shape. By

placing an object Inside the line the field Is perturbed. The general rule of thumb is that for testing, the height
of the object-under-test should not exceed approximately half the height or width of the line.

4
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4.2 UnIt Configurations

4,2.1 Phase One

The radiated susceptibility (RS05) evaluation was carded out in the following configurations:

1) The radio In the 1-m simulator with no antenna attached (Fig. 5a)
2) The radio approximately -r-m outside of the simulator with a fully extended 72-cm antenna

(Fig. 5b). This location produces a sub-threat level field of approx. 20 kV/m.
3) The radio in the simulator with a modified plate antenna (Fig. 5c) (see Annex A).

4.2.2 Phase Two

Radiated susceptibility was only carried out with the radio centrally placed at the end of the input
taper of the 10-m simulator in a configuration similar to that of Fig. 5c. This location provides the optimal
EMP wave shape.

4.3 Unit Orientations

4.3.1 Phase One

Radiated susceptibility was also done in three different orientations:

1) With the front3 of the radio facing the input of the parallel-plate cell (Fig. 6a)
2) With the front of the radio facing the side of the parallel-plate cell (Fig. 6b)
3) With the front of the horizontally Inclined radio facing down (Fig. 6c).

However, not all orientations were exposed In each configuration. A detailed plan showing the configurations
and orientations used (in chronological order) Is presented in Table 1.

4.3.2 Phase Two

Since the vast majority of the pick-up Is through the antenna and not the radio case, orientations 1
and 2 are clearly equivalent and worst-case scenarios. As a result, the RS05 evaluation In this phase was
only done with the front of the radio facing the source and the antenna vertically extended.

4.4 Euuioment Status

4.4.1 Phase One

The radio was examfned in both power on and off state in configuration 1 but only in the power on
state in the other configurationb. As a procedural simplification the transmit mode was not investigated. The
evaluation was done at 3 different receiving frequencies (30, 50 and 75 MHz) in all configurations and
orientations. The specific values chosen represent the highest, lowest and middle frequencies of the
operating band and are an attempt to maximize the coupling between the induced antenna currents and
the radio. The handset was also incorporated into the system after the antenna analysis was complete. This
was done so that if damage had occurred there would be some possibility of isolating problems introduced
by the antenna and handset.

3 The front of the radio is defined such that the antenna of the unit is perpendicular to the ground and

the labels on the radio controls are legible.
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Test Sequence for the PRC-77 Radio

verbai/audio test and Initial quantitative test

{ 30 MHz (F.1.1.30)
_-Orientation 1 50 MHz (F.1.1.50)

75 MHz (F.1.1.75)
_30 Not (F.I.2.30)

Power Off - Configuration 1 Orientation 2 50 MHz (F.1.2.50)

75 MHz (F.1.2.75) Sample CodS

30 MHz (F.I.3.30) (N.1.1.50.reg)
75 MHz 0 F,1.3.751 Power Status 011, ofF) J

Configuration (Fig. 5)
verbal/audio test Orientation (Fig. 6)

Radio Frequency (NHz)
Antena Type or handset presence

30 MHz (1N.1.1.30)
Orientation 1 50 MHz (1.1.1.50)

75 MHz (1.1.1.75)

30 MHz (N.1.2.30)
Power On - Configuration 1 Orientation 2 50 MHz (W.1.2.50)

75 MHz (m.1.2.75)

{ 30 MHz (1m.1.3.30)
Orientation 3 50 MHz (".1.3.50)-E7 MHz (m.1.3.75)

verbat/audio test

30 MHz (11.3.1.30.reg)
50 MHz (m.3.1.50.reg) fRegular Antenna (72-cm)
75 MHz (M.3.1.75.reg) J

Power On - Configuration 3 - Orientation 1

30 MHz (M.3.1.30.ptt)
50 MHz (M.3.1.50.pit) Plate Anteina
75 MHz (M.3.1.75.ptt)

verbetl/audio test

± 30 MHz (N.2.1.30.nhd)
r Orientation 1 50 MItz (W.2.1.SO.nhd)1 75 MHz (M.2.1.75.nhd) Plate Antema

Power On - Configuration 2 no handset attached.. 30 MHz (M.2,2,30.nihd)
Orientation 2 50 Nor (M.2.2.50.nhd)

75 MHz (N.2.2.75.nhd)

verbal/audio test

30 MHz (M.2.1.30.Whd)
Orientation 1 SO MHz (M.2.1.50.hd)-E 75 MHz (M.2.1.75.whd) Plate Antenne

Power On - Configuration 2 with handset attached
30 MHz (N.2.2.30.ihd)

Orientation 2 50 MHz (M.2.2.50.whd)
75 MHz (M.2.2.75.ihd)

verbat/sudio test and final quantitative test

Table 1: A list of the coding used to identify the configurations, orientations and status of the PRC-77 Radio.

10



4.4.2 Phase Two

The radio was examined with power on and at 3 different frequencies (30.20, 45.00 and 70.00 MHz).
Both transmitting and receiving mode were investigated. A radio is usually most susceptible in its receive
mode, however it Is conceivable that the EMP response will superimpose on a transmitting waveform such
that damage will occur when it would not have if the radio was subjected to either input separately.

As before, the evaluation proceeded In stages to minimize damage to the radio (had any occurred)
and to maximize the information obtained. Initial radio exposures were done at 30 kV/m and the handset
was Incorporated only after the antenna exposure. In addition, In order to provide an intermediate height
(between 72-cm and 2.9-m), a 2.1-m antenna was created by folding a 2.9-m antenna at one of its joints.

4.5 Susceptibility Criteria

The operation of the radio was demonstrated prior to and after the evaluation. In addition, quick
intermediate checks were performed during EMP exposure. The radio was considered to have failed when
either of the following occurred:

a) There was a catastrophic failure of the radio.

b) There was evidence of serious degradation of the radio.

Details of the radio checks are presented in Annex C, however, the procedures can be summarized
as follows:

a) The first is a simple voice check where an audible test signal is transmitted and received
between the radio being evaluated and a similar monitor radio. Alternatively, monitoring the
amplitude of the 150 Hz signal (used to control the squelch) with a fixed receive and transmit
antenna position is considered to be an enhanced audio check.

b) The second is a quantitative test performed by Injecting an accurate FM signal into the co-axial
antenna of the radio and monitoring the audio output at the unit's handset. The time and
frequency domain of this signal were monitored while small changes were made to the FM
modulation, carrier amplitude and carrier central frequency. The process was repeated at the
beginning and end of the EMP evaluation in an effort to observe any small changes which may
have been Introduced by the exposures. Note that this latter test will not detect changes in either
the transmit mode of the radio or the Initial antenna tuning circuit.

4.6 General Procedure

The following steps were taken In the RSO5 evaluation of the radio:

a) Calibration of the pulse generator In the absence of the PRC-77 to establish the unperturbed
electric field wave shape.

b) Verification of the functional operation of the radio followed by installation of the unit in the first
orientation.

c) Exposure of the radio to a minimum of 10 EMP pulses in accordance with MIL-STD-462, RS05
specification. The characteristics of the field to which the radio Is exposed was measured and
recorded.

11



d) Steps (b) & (c) are to be repeated until all orientations are complete. Following exposure of the
unit functional operation of the radio Is to be verified.

e) Exposure of the radio in the other configurations is then to be carried out following the
procedures outlined In (b) to (d) above.

5.0 DESCRIPTION OF INSTRUMENTATION

5.1 Phase One

Instruments used to generate the fields required for the EMP evaluation include;

* High-voltage power supply (Glassman, 75-kV DC, model PS/ER75R3.0),
• DREO double exponential EMP pulse generator,

1 1-meter, parallel-plate cell (Elgal, model no. EM 102).

Instrumentation used to measure the fields during the RS05 investigation Include;

• Voltage divider (Physics International, model PIM-197A-1,
* Variable attenuator (Alan, model no. 50TX82.5N),
* Digitizer (Tektronix, model no. DSA 602; 400 MHz bandwidth),
* 10 meters RG-214 co-axial cable (double shielded).

Instrumentation used In conjunction with the PRC-77 during the RSO5 Investigation Include;

• Standard AT-892, 72-cm antenna,
* Modified plate antenna (see Annex A).

Instrumentation used In conjunction with the PRC-77 during performance confirmation include;

* Signal Generator ( Hewlett Packard, HP8656B),
* Digitizer (Tektronix, model no. DSA 602; 400 MHz bandwidth),
* a second PRC-77 monitor radio.

5.2 Phase Two

Instruments used to generate the fields required for the EMP evaluation include;

* DREO 10-meter parallel-plate simulator, DREMPS,
• Maxwell 600-IV double exponential EMP pulse generator.

Instrumentation used to measure the fields during the RS05 Investigation Include;

* DREO 5-cm H-FIeld loop probe,
* Eaton current probes, model no. 94106-2, 93686-7,
• 2 Nanofast 300 MHz fiber optic analog links,

Digitizer (Tektronix, model no. DSA 602; 400 MHz bandwidth),
• Digitizer (Tektronix, model no. SCD 1000; 1 GHz bandwidth),
* various BNC and N-type co-axial cable.

12



Instrumentation used in conjunction with the PRC-77 during the RS05 Investigation include;

* Standard AT-892, 72-cm antenna,
0 Standard AT-271B, 2.9-m antenna,
a modified AT-271B, 2.1-m antenna (!e. folded at one of the joints).

Instrumentation used in conjunction with the PRC-77 during performance confirmation include;

* Signal Generator ( Hewlett Packard, HP86568).
* Digitizer (Tektronix, model no. DSA 602; 400 MHz bandwidth),
* a second PRC-77 monitor radio.

6.0 OBSERVATIONS AND CONCLUSIONS

61 R05 Results

6.1.1 Phase One

Prior to the radio exposure, the EMP wave shape generated In an empty simulator was recorded
(Fig. 7). The upper trace shows the envelope generated by 10 consecutive exposures and the lower trace
is the average of the above. The high reproducibility of the waveforms ensures consistent exposure levels
throughout the Investigation. See Section 6.2.1 for a discussion of the wave shape.

Table 1 Is the plan followed in the process of evaluating the PRC-77 radio. Each exposure represents
a different orientation, configuration and radio status. At each point the radio was exposed to 10 EMP pulses
with the average of these pulses recorded. Fig. 8 is the format used and Is an Indication of a typical
waveform. The radio status is recorded In the upper-right comer and the simulator and sensor information
is on the lower half of the page. The results, which are summarized in Table 2, indicate that the radio has
passed the entire evaluation procedure when equipped with the 72-cm (or equivalent) antenna and the
external handset.

6.1.2 Phase Two

Phase Two occurred approximately one year after Phase one and, as a result, several enhancements
to the measurement system had been made. The most obvious of which was the completion of the 10 meter
simulator, DREMPS, which allows the exposure of vehicle size equipment and eliminates the previous
problems with the height of the radio antennae. Other more subtle but equally Important changes Include
the development of an accurate H-field probe which, when used in conjunction with a fiber-optic transceiver,
allows practically point source measurements of the magnetic and electric field In the simulator with almost
no field perturbation. A second transceiver allows the current on the radio antenna or handset to be
measured simultaneously. Finally, a sophisticated data acquisition package for the PC allows all these
measurements to be quickly and accurately recorded for future reference and analysis.

The procedure followed in Phase One was essentially repeated at this point. Since the case of the
radio was shown to be sufficiently shielded, that aspect of the evaluation was not repeated. The 72-cm
antenna was exposed since In the previous phase only the modified plate could be used at full threat level.
In addition, repeating the exposure of the smaller antenna allowed a confirmation of the previous results
while affording an opportunity to make accurate antenna pick-up measurements (see Annex B).

Exposure of the 2.9-m antenna was also done in DREMPS. This proceeded by first exposing a 2.1 -m
antenna (le. a 2.9-m antenna folded at one of the joints) to a sub-threat level 30 kV/m field. The full length

13



DSA 602 DIGITIZING SIGNAL ANALYZER
date: 29-JAN-91 time: 10:55:25 EMP TEST DATA

Te-k c-• . RSO5 TEST METHOD

I Equipient Under Test Specificationm

Device Type: ...

Test 1.D.: ...

- Configuration: ...

' F•Power Status: ---

SNo. of Pulses: 10

S', Operation -.-

PL • Confitrmedl

., 'i " • • -•...._•..,•.^Commen ts:

I Ver t ice -I 4Or I ont Q9 ?I**' l 1rm"' t tlleu r to +Pag. -- pt.
,Pwc e-rS tIu .42 As -

Inp• ut -" I IrFT -;• c'• t- ar ý"[Virtlca'l R aen ' V vrtltc~it+
larefmeters! c~ontrol. DeltaO Mooa: IfW) 10 l. 1 S Pas- Wf at+ I E• oi' o uone.e-:1,

EOP Simulator Specifications

Chargi ng 50 kV
Voltage;

SeLf-breakdown a 55 kV
VoCtoage:
Trigger Setf-breakdown, pressure release

Method:

Sensi S ftator Specifications

Sensor Type: PIM-197A-1 voltage divider Sensor Type:

Sensor Right edge of center plate, Sensor

Location: 40 cm past front taper. Location:
Cable Network: Shielded N-Type, RG-214 CabLe Network:
Attenuator 20 dB (#3) on Alan 50TX82.5N Attenuator
Location: at voltage divider Location:

Comments: Extole of shot to shot deviation from average

Figure 7: EMP wave shape as seen In an empty simulator. The measurement was made with a voltage
divider located approximately 40 cm behind the front taper.
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DSA 602 DIGITIZING SIGNAL ANALYZER
date: 22-JAN-91 time: 14:53:01 EMP TEST DATA

Telw RSO5 TEST METHOD

675V
Ecquipent urder Test Specifications

Device Type: PRC-77 Radio

iiTest 2.0.: F. 1.1.30

Configuration: I

Orientation: 1

Receiver 30 RNz
I V Frequency:

SEfIP wfm Power Status: Off

. No. of Pulses: 10
i Pulse Rate: 3/min

Operation
Confirmed

Comments: no antenna or hand-set
I conniected

- 17gns C O .;'•l, 22•,
79 i~~ Kt T! C 40'C 3 ;Peitq lei

-A,, (LI *35 Main Stopped i1l Wfs ,(

vd/d1Bm I None I0en Off, 19inj9 ; " _ -,• k a/,'li v s

EMP Simulator Specifications

Charging 50 kV
Voltage:
Self-breakdown = 55 kV
Voltage:
Trigger Self-breakdown, pressure release
Method:

Sensor Specifications Sensor Specifications

Sensor Type: PIN-197A-1 voltage divider Sensor Type:
Sensor Right edge of center plate, Sensor
Location: 40 cm past front taper. Location:
Cable Network: Shielded N-Type, RG-214 Cable Network:
Attenuator voltage divider Attenuator
Location: Location:

Figure 8: Format used to record the EMP exposures for each test In phase one. The upper rigt! crr-C

records the details of the radio status while the lower portion details the sensor and simulator-
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Field IRadio IConfig. IOrient. Radio Atna hand- Eod P1

(kV/m) Power Freq. set Status
& Pot. (NMHz)i =a== 

- n n-

50 (pos) off 1 1 30 (Rx) none off F.1.1.30 pass

50 (Fs)o off 1 1 50 (Rx) none off F.1.1.50 pass

50 (pos) off 1 1 75 (Rx) none off F.1.1.75 pass

50 (Pos) off 1 2 30 (Rx) rnXe off F.1.2.30 pass

50 (poe) off 1 2 50 (Rx) none off F.1.2.50 pass

50 (pos) off 1 2 75 (Rx) none off F.1.2.75 pass

50 (poo) off 1 3 30 (Rx) none off F.I.3.30 pass

50 (poe) off 1 3 50 (Rx) none off F.1.3.50 pass

50 (pos) off 1 3 75 (Rx) none off F.1.3.75 pass

50 (pos) on 1 1 30 (Rx) none off N.1.1.30 pass

50 (pos) on 1 1 50 (Rx) none off N.1.1.50 pass

50 (pos) on 1 1 75 (Rx) none off .N.1.1.75 pass

50 (pos) on 1 2 30 (Rx) none off N.1.2.30 pass

50 (pos) on 1 2 50 (Rx) none off N.1.2.50 pass

50 (pos) on 1 2 75 (Rx) none off N.1.2.75 pass

50 (pos) on 1 3 30 (Rx) none off N.1.3.30 pass

50 (pos) on 1 3 50 (Rx) none off N.1.3.50 pass

50 (pos) on 1 3 75 (Rx) none off N.1.3.75 pass

50 (pos) on 3 1 30 (Rx) 72-cm off 0.3.1.30.r .. pass

50 (pos) on 3 1 50 (Rx) 72-cm off N.3.1.50.reg pass

50 (pos) on 3 1 75 (Rx) 72-cm off 1.3.1.75.reg pass

50 (pos) on 3 1 30 (Rx) 50-cm p ot Off N.3.1.3.rpt pass50 (ios) an 3 0(x 0c ~ f ... 0pt pass

50 (poe) on 3 1 50 (Rx) 50-cu pit off U.3.1.50.pit s

50 (poe) on 3 1 75 (Rx) 50-cm pLt off N.3.1.75.pit pass

50 (pos) on 2 1 30 (Rx) 50-cm pLt off N.2.1.30.nhd Pass

50 (pos) on 2 1 50 (Rx) 50-cm pLt off N.2.1.50.nhd pass

50 (poe) on 2 1 75 (Rx) 50-cm pit off N.2.1.75.nhd pass

50 (pos) on 2 2 30 (Rx) 50-cm pLt off N.2.2.30.nhd pass

50 (pos) on 2 2 50 (Rx) 50-cm pLt off N.2.2.50.nhd pass

550.50 (poS) on 2 2 75 (Rx) 50-cm pLt off N.2.2.75.rhd pass

50 (pos) on 2 1 30 (Rx) 50-cm pit on N.2.1.30.whd pass

50 (poe) on 2 1 50 (Rx) 50-cm pit on .2.1.50.whd pass

50 (poo) on 2 1 75 (Rx) 50-cm pit on N.2.1.75.ihd pass

50 (poe) on 2 2 30 (Rx) 50-cm pOt on N.Z.2.30.whd pass

50 (pos) on 2 2 50 (Ox) 50-cm pLt on U.2.2.50.whd pass

50 (pos) on 2 2 75 (Ox) 50-cm ptt on N.2.2.75.whd pass

Table 2: Results from Phase One of the EMP assessment of PRC-77 Radio. The radio showed no
significant degradation as a result of the exposures.
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antenna was then exposed to the same field. Finally, the above was repeated at a full-threat level field both

with positive and negative p ,:arity. The radio survived all exposures as indicated in Table 3.

6.2 Procedural Difficultles

The front and back taper of the 1-m parallel-plate simulator are too abrupt. This creates an
Impedance mismatch at the cell transitions which generates a 10-15% reflection. This reflection is
superimposed on the Initial pulse and results in a corruption of the rise time. As a result, the electric field
has a small downward dip, Fig. 7, and the magnetic field is Increased by a similar factor (not shown) [Ref.
51. The corrupted waveform doesn't have the Ideal EMP wave shape, however, the frequency content of this
pulse Is similar to the MIL-STD-461C wave shape and, hence, this problem Is considered negligible. Some
of the oscillations In the above figure are a result of the relatively invasive voltage probe/cable combination
and are strictly a manifestation of the measurement system, not an indication of a corrupted waveform.

The antenna provided with the PRC-77 radio is 72-cm. When this height is added to the height of
the radio, the total exceeds the simulator plate separation (1 meter). Therefore, some compromise had to
be made in order to expose the radio Inside the simulator. One alternative is to replace the 72-cm antenna
by a shorter antenna with a capacitive top plate. In Annex A it has been empirically established that a 50-cm
monopole with a 20-cm top plate is a reasonable match for the original antenna and the investigation
proceeded with this substitution.

Both the calibration tests and the EMP exposures where done only in the receive mode of the radio.
A more thorough EMP evaluation involving both the receive and transmit modes was done In DREMPS,
however, quantitative testing of the radio performance was only recorded for the receive mode. See Annex
C for more detail.

Finally, the radio was placed directly on the ground plane of the simulator. In reality, during an EMP
the radio would probably be worn on the back of a soldier. A more accurate evaluation should be done with
the radio suspended as In normal use, however space limitations prohibit this.

6.. _PhuaLI

In DREMPS many of the problems mentioned above are eliminated because of :he superior taper
design and the larger physical dimensions of the working volume. For example, the radio, with a 3-m
antenna, placed one meter above the ground still do not exceed half the height of the simulator.

One difficulty encountered was the erratic behaviour of one of the AT-892 (72-cm) antennae. The
signal generated by this antenna was not reproducible and it was speculated that since it Is constructed by
riveting a series of anodized layers together, it is possible that a poor contact between two of these layers
would periodically arc. Unfortunately, the problem only manifested Itself for one day, therefore, the above
hypothesis could not be confirmed. During the same time period all other antennas behaved normally.

6.3 Conclusions

The evaluation proceeded In stages such that each addition would add a greater degree of
susceptibility to the radio. This procedure was followed In an attempt to Isolate a particular fault if there had
been a system failure. An effort was also made to vary the radio operating frequency, physical orientation
etc. In order to ensure that the unit would be exposed to a worst-case scenario.
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